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Description 

TECHNICAL FIELD 

5 [0001] This invention relates to steel sheets, hot-dipped steel sheets and alloyed hot-dipped steel sheets suitable 
for use in automobile parts and the like as well as a method of producing the same, and particularly is to advanta- 
geously improve the hot dipping property and conversion treating property. 

BACKGROUND ART 

10 

[00^2] In automobile members, it is recently intended to increase the strength from a viewpoint that a weight of a 
vehicle body is reduced and a reliability and a safeness are improved. At the same time, the improvement of formability 
is demanded. 

[0003] This tendency is also true in hot-dipped steel sheets and alloyed hot-dipped steel sheets such as galvanized 
15 steel sheets, alloyed galvanized steel sheets, frequently used as a steel sheet for automobiles and then, many methods 
haven been proposed for increasing strength of these steels. 

[0004] For example, JP-A-59-1 93221 proposes a method for increasing the strength of the steel sheet by adding a 
relatively large amount of a solid-solution strengthening element such as Si, Mn or the like. 

[0005] In this method, however, there are caused another problems resulted from the addition of the greater 
20 amount of Si or Mn, i.e. degradation of hot-dipping property due to the surface enrichment of Si or Mn (formation of por- 
tion not hot-dipped or occurrence of bare spot) and degradation of conversion treating property (no formation of chem- 
ical conversion coatings such as zinc phosphate or the like applied onto a cold rolled steel sheet as an undercoating 
treatment), so that the resulting steel sheets can not be put into practical use. 

[0006] And also, high-strength cold rolled steel sheets and high-strength galvanized steel sheets having a deep 
25 drawability improved by subjecting to a-region lubrication rolling at a hot finish temperature of not lower than 500°C but 
not higher than Ar 3 transformation point are proposed in JP-A-5-339643. 

[0007] In this way, the excellent deep drawability is surely obtained, but the'degradation of the hot-dipping property 
is not avoided in the galvanization. 

[0008] As a countermeasure for solving the above problems, there are proposed a method wherein a steel sheet is 
30 forcedly oxidized under a high oxygen partial pressure and subjected to reduction and hot clipping (JP-A-55-t 22865), 
a method wherein a pre-plating is carried out before the hot dipping (JP-A-58-1 04163) and the like. In these methods, 
however, the control of surface oxide in the heat treatment is not sufficient, so that stable hot-dipping property and con- 
version treating property are not always obtained in accordance with the chemical composition of steel and the plating 
conditions, and also an extra process is added to increase the production cost. 
35 [0009] Furthermore, JP-A-9-31 01 63 proposes a method wherein a high-temperature coiling is carried out after the 
hot rolling to form an oxide in a crystal grain boundary or an inside of a crystal grain at a surface layer portion of a matrix 
in the steel sheet or form an internal oxide layer for improving the aforementioned degradation of the hot-dipping prop- 
erty. 

[0010] Such a method of forming the internal oxide layer is very useful as a method for preventing the occurrence 
40 of bare spot. 

[0011] In the above method, however, the sufficient internal oxide layer can not be ensured in accordance with the 
kind of steel or the production history, so that there is remained a problem that excellent hot-dipping property and con- 
version treating property are not necessarily obtained to a satisfactory level. 

[0012] Particularly, this tendency is large when recrystallization annealing before the hot dipping is carried out in a 
45 radiation type heating system such as a radiant tube or the like. 

[0013] Moreover, when the heating system is a direct heating system, the internal oxide layer is somewhat strength- 
ened during the annealing, so that the properties are improved as compared with the radiation type heating system, but 
it is difficult to stably form the desired internal oxide layer. 

[0014] Lately, hot rolled steel sheets are used instead of the conventional cold rolled steel sheet as a part of the 
so automobile members. 

[0015] In the hot rolled steel sheet, the recrystallization annealing as in the cold rolled steel sheet is not required, 
so that it is considered that the surface enrichment of Si or Mn mainly produced in the recrystallization annealing and 
the occurrence of troubles resulted from such a surface enrichment are less. 

[0016] However, when the hot-dipping property and conversion treating property are examined with respect to the 
55 actual hot rolled steel sheets, the sufficiently satisfactory results are not obtained. 
[0017] The invention is to advantageously solve the aforementioned problems. 

[0018] That is, a first object of the invention is to propose steel sheets, hot-dipped steel sheets and alloyed hot- 
dipped steel sheets capable of stably developing the excellent hot-dipping property and conversion treating property 
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when being used as a hot rolled steel sheet as well as a method of advantageously producing the same. 
[0019] And also, a second object of the invention is to propose steel sheets, hot-dipped steel sheets and alloyed 
hot-dipped steel sheets capable of stably developing the excellent hot-dipping property and conversion treating prop- 
erty irrespectively of a chemical steel composition and production history when being used as a cold rolled steel sheet 
5 and even when a radiation type heating such as a radiant tube or the like is used in the recrystaMization annealing 
before a hot dipping treatment as well as a method of advantageously producing the same. 

[0020] Furthermore, a third object of the invention is to propose steel sheets, hot-dipped steel sheets and alloyed 
hot-dipped steel sheets having the excellent hot-dipping property and conversion treating property and an excellent 
workability with respect to a cold rolled steel sheet particularly improving the workability among these cold rolled steel 
io sheets as well as a method of advantageously producing the same. 

[0021] Moreover, the "conversion treating property" used in the invention means an ability forming chemical con- 
version coatings such as zinc phosphate or the like when the steel sheet is used as an automobile member as it is. 

DISCLOSURE OF INVENTION 

15 

[0022] As mentioned above, the cause degrading the hot-dipping property and conversion treating property when 
a greater amount of Si or Mn is added is the surface enrichment of Si or Mn in the annealing (Si or Mn is selectively 
oxidized during the annealing to largely appear on the surface). 

[0023] And also, it has been elucidated in the hot rolled steel sheets that an essential cause lies in the surviving of 
20 oxides of Si, Mn, P and the like on the surface of the hot rolled steel sheet after pickling in addition to the surface enrich- 
ment of Si or Mn in the heating before the hot dipping as previously mentioned. This cause is considered due to the fact 
that the oxides of Si, P and the like and composite oxide thereof with iron are hardly dissolved in the pickling. 
[0024] As a solution for the above problem, therefore, it is considered that converting an outermost surface layer of 
iron matrix into an iron layer containing less of a solid solution element such as Si, Mn or the like is effective. 
25 [0025] Now, the inventors have made various studies in order to achieve the above object, and found out that it is 
advantageous that an internal oxide layer is formed in the vicinity of a surface of an iron matrix, namely in a surface layer 
portion of the iron matrix, to enclose Si, Mn, P or the like on the surface of the iron matrix as an element forming the 
internal oxide layer in the inside thereof, and that it is very effective to conduct a heat treatment in an atmosphere sub- 
stantially not causing reduction while being adhered with a black skin scale after the hot rolling for sufficiently and stably 
30 forming the above internal oxide layer. 

[0026] The invention is based on the above knowledge. 

[0027] That is, the gist and construction of the invention are as follows. 

1 . A hot rolled steel sheet characterized by subjecting a base steel after a hot rolling to a heat treatment at a tem- 
35 perature range of 650-g50°C in an atmosphere substantially not causing reduction while being adhered with a 

black skin scale to form an internal oxide layer in a surface layer portion of an iron matrix of the steel sheet and then 
pickling it. 

2. A hot-dipped steel sheet characterized by providing a hot-dipped layer on the surface of the hot rolled steel sheet 
described in the item 1 . 

40 . 3. An alloyed hot-dipped steel sheet characterized by providing an alloyed hot-dipped layer on the surface of the 
hot rolled steel sheet described in the item 1. 

4. A method of producing a hot rolled steel sheet by hot rolling a base steel and then subjecting to a pickling, char- 
acterized in that the steel sheet after the hot rolling is subjected to a heat treatment at a temperature range of 650- 
950°C in an atmosphere substantially not causing reduction while being adhered with a black skin scale to form an 

45 internal oxide layer in a surface layer portion of an iron matrix of the steel sheet. 

5. A method of producing a hot-dipped steel sheet, characterized in that the surface of the hot rolled steel sheet 
described in the item 4 is subjected to a hot dipping. 

6. A method of producing an alloyed hot-dipped steel sheet, characterized in that the surface of the hot rolled steel 
sheet described in the item 4 is subjected to a hot dipping and further to an alloying treatment by heating. 

so 7. A cold rolled steel sheet characterized by subjecting a base steel after a hot rolling to a heat treatment at a tem- 
perature range of 650-950°C in an atmosphere substantially not causing reduction while being adhered with a 
black skin scale to form an internal oxide layer in a surface layer portion of an iron matrix of the steel sheet and then 
subjecting to a pickling, a cold rolling and a recrystallization annealing. 

8. A hot-dipped steel sheet characterized by providing a hot-dipped layer on the surface of the cold rolled steel 
55 sheet described in the item 7. 

9. An alloyed hot-dipped steel sheet characterized by providing an alloyed hot-dipped layer on the surface of the 
cold rolled steel sheet described in the item 7. 

1 0. A method of producing a cold rolled steel sheet by hot rolling a base steel and then subjecting to a pickling, a 
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cold rolling and a recrystallization annealing, characterized in that the steel sheet after the hot rolling is subjected 
to a heat treatment at a temperature range of 650-950°C in an atmosphere substantially not causing reduction 
while being adhered with a black skin scale to form an internal oxide layer in a surface iayer portion of an iron matrix 
of the steel sheet. 

5 1 1 . A method of producing a hot-dipped steel sheet, characterized in that the surface of the cold rolled steel sheet 

described in the item 1 0 is subjected to a hot dipping. 

12. A method of producing an alloyed hot-dipped steel sheet, characterized in that the surface of the cold rolled 
steel sheet described in the item 10 is subjected to a hot dipping and further to an alloying treatment by heating. 

13. A hot-dipped steel sheet described in the item 2 or 8, characterized in that it is a high-strength steel sheet hav- 
10 ing a composition of Mn: 0.2-3.0 mass% or Mn: 0.2-3.0 mass% and Si: 0.1-2.0 mass% and provided on its surface 

with a hot-dipped layer, and a surface layer portion of an iron matrix just beneath the hot-dipped layer has an 
enriched layer of Mn or an enriched layer of Mn and Si. 

14. A hot-dipped steel sheet described in the item 13, characterized by having such a profile that Mn concentration 
or Mn and Si concentrations from the surface in a thickness direction rapidly rises over the hot-dipped layer and 

75 lowers at once and thereafter somewhat rises to render into a steady state. 

15. A hot-dipped steel sheet described in the item 13, characterized in that Mn/Fe ratio or Mn/Fe ratio and Si/Fe 
ratio in the surface layer portion of the iron matrix just beneath the hot-dipped layer is not less than 1 .01 times each 
of Mn/Fe ratio or Mn/Fe ratio and Si/Fe ratio in the inside of the iron matrix. 

16. An alloyed hot-dipped steel sheet described in the item 3 or 9, characterized in that it is a high-strength steel 
20 sheet having a composition of Mn: 0.2-3.0 mass% or Mn: 0.2-3.0 mass% and Si: 0.1 -2.0 mass% and provided on 

its surface with an alloyed hot-dipped layer, and a surface layer portion of an iron matrix just beneath the alloyed 
hot-dipped layer has an enriched layer of Mn or an enriched layer of Mn and Si. 

17. An alloyed hot-dipped steel sheet described in the item 16, characterized by having such a profile that Mn con- 
centration or Mn and Si concentrations from the surface in a thickness direction rapidly rises over the hot-dipped 

25 layer and lowers at once and thereafter somewhat rises to render into a steady state. 

1 8. An alloyed hot-dipped steel sheet described in the item 1 6, characterized in that Mn/Fe ratio or Mn/Fe ratio and 
Si/Fe ratio in the surface layer portion of the iron matrix just beneath the hot-dipped layer is not less than 1 .01 times 
each of Mn/Fe ratio or Mn/Fe ratio and Si/Fe ratio in the inside of the iron matrix. 

1 9. A cold rolled steel sheet having an excellent workability, characterized in that the sheet has a composition com- 
30 prising C: 0.0005-0.005 mass%, Si: not more than 1.5 mass%, Mn: not more than 2.5 mass%, Al: not more than 

0.1 mass%, P: not more than 0.1 0 mass%, S: not more than 0.02 mass%, N: not more than 0.O05 mass% and one 
or more of Ti: 0.01 0-0.1 00 mass% and Nb: 0.001 -0.100 mass% and the remainder being Fe and inevitable impuri- 
ties, and a Lankford value (r-value) of not less than 2 and is provided on a surface layer portion of its iron matrix 
with an internal oxide layer. 

35 20. A hot-dipped steel sheet having an excellent workability, characterized by providing a hot-dipped layer on the 

surface of the cold rolled steel sheet described in the item 19. 

21. An alloyed hot-dipped steel sheet having an excellent workability, characterized by providing an alloyed hot- 
dipped layer on the surface of the cold rolled steel sheet described in the item 19. 

22. A method of producing a cold rolled steel sheet having an excellent workability, characterized in that a steel 
40 comprising C: 0.0005-0.005 mass%, Si: not more than 1.5 mass%, Mn: not more than 2.5 mass%, Al: not more 

than 0.1 mass%, P: not more than 0.1 0mass%, S:not more than 0.02 mass%, N: not more than 0.005 mass% and 
one or more of Ti: 0.01 0-0.100 mass% and Nb: 0.001-0.100 mass% and the remainder being Fe and inevitable 
impurities is subjected to a rough hot rolling under a condition of finish rolling temperature: not lower than Ar 3 trans- 
formation point but not higher than 950°C and to a hot finish rolling through lubrication rolling under conditions of 

45 finish rolling temperature: not lower than 500°C but not higher than Ar 3 transformation point and rolling reduction: 

not less than 80%, and then a steel sheet after the hot finish rolling is subjected to a heat treatment at a tempera- 
ture range of 650-950°C in an atmosphere substantially not causing reduction while being adhered with a black 
skin scale to form an internal oxide layer in a surface layer portion of an iron matrix of the steel sheet, pickled to 
remove the black skin scale, and subjected to a cold rolling at a rolling reduction: 50-90% and further to a recrys- 

so tallization annealing at a temperature of not lower than a recrystallization temperature but not higher than 950°C. 

23. A method of producing a hot-dipped steel sheet having an excellent workability, characterized by subjecting the 
surface of the cold rolled steel sheet described in the item 22 to a hot dipping. 

24. A method of producing an alloyed hot-dipped steel sheet having an excellent workability, characterized by sub- 
jecting the surface of the cold rolled steel sheet described In the Item 22 to a hot dipping and further to an alloying 

55 treatment by heating. 

[0028] The invention will concretely be described below. 

[0029] Firstly, experimental results laying the foundation of the invention are described with respect to a hot rolled 
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steel sheet as a target of the steel sheet. 

[0030] In Fig. 1 are shown comparative results of sections of hot rolled steel sheets after heat treatment as 
observed by an optica! microscope with respect to a hot rolled steel sheet previously removing black skin scale through 
pickling or so-called white skin hot rolled steel sheet (Fig. 1 (a)) and hot rolled steel sheets adhered with black skin scale 
5 or so-called black skin hot rolled steel sheets (Figs. 1 (b), (c)). The black skin scale is a scale mainly composed of wus- 
tite (FeO) and having a blackish appearance. 

[0031 ] Moreover, Si-Mn steel containing Si: 0.5 mass% and Mn: 1 .5 mass% is used as a starting material, and heat 
treating conditions for the hot rolled steel sheet are 750°C and 5 hours. 

[0032] As shown in Fig. 1, when the hot rolled steel sheet is subjected to the heat treatment while being adhered 
io with the black skin scale (Figs. 1 (b), (c)), the formation of the internal oxide layer is recognized in the surface layer por- 
tion of iron matrix in the steel sheet. 

[0033] Moreover, when the heat treating atmosphere is 1 00 vol% N 2 (atmosphere substantially not causing reduc- 
tion: Fig. 1 (b)), the formation of reduced iron is hardly recognized at an interface between the black skin scale surface 
and the iron matriXi while when it is 5 vol% H 2 -N 2 (atmosphere somewhat causing reduction: Fig. 1 (c)), the formation 
15 of reduced iron is observed at an interface between a part of the black skin scale surface and the iron matrix. 

[0034] On the other hand, the formation of the internal oxide layer is not observed in case of the white skin hot rolled 
steel sheet at all. 

[0035] Although investigation is conducted with respect to a case that the black skin hot rolled steel sheet is sub- 
jected to the heat treatment in 100 vol% H 2 atmosphere (strong reducing atmosphere), the reduction of the black skin 
20 scale itself proceeds, but the formation of the internal oxide layer hardly occurs. And also, oxides of Si, Mn, P and the 
like remain in the reduced iron. 

[0036] As mentioned above, it is clear that the formation of the internal oxide layer in the hot rolled steel sheet is 
largely influenced by the atmosphere in the heat treatment of the hot rolled steel sheet. 

[0037] In Fig. 2 is schematically shown an influence of an atmosphere in the heat treatment of the black skin hot 

25 rolled steel sheet upon the formation of the internal oxide layer. 

[0038] As shown in Fig. 2(a), when the heat treatment is carried out in the non-reducing (substantially not causing 
reduction) atmosphere (for example, 100 vol% N 2 atmosphere), oxygen in the black skin scale mainly penetrates along 
a crystal grain boundary to form FeSi0 3 or Mn x FeyO z . That is, the oxygen in the scale is considered to be used in only 
the formation of the internal oxide layer. 

30 [0039] On the contrary, as shown in Fig. 2(b), in case of reducing (substantially causing reduction) atmosphere (for 
example, 100 vol% H 2 or 5 vol% H 2 -N 2 atmosphere), oxygen in the black skin scale is used in not only the formation of 
the internal oxide layer but also the reduction of the black skin scale (FeO + H 2 -> Fe + H 2 0), so that the formation of 
the internal oxide layer is insufficient and the black skin scale layer is reduced to undesirably form reduced iron contain- 
ing oxides of Si, Mn and the like. 

35 [0040] In Figs. 3(a), (b) are shown comparative results examined on elementary distribution in a depth direction 
through GDS (Grimm-Grow's spectral analysis) after the pickling with respect to a black skin hot rolled steel sheet hav- 
ing a composition of 0.08 mass% C-1.0 mass% Si-1.5 mass% Mn-0.07 mass% P heat-treated in nitrogen and a com- 
parative material not heat-treated. 

[0041] As shown in Fig. 3(b), Si, Mn and the like in the comparative material are metallic state and homogeneous 
40 in the inside of the steel sheet, but Si concentration as a residue of the oxide increases in the surface layer. 

[0042] On the other hand, in case of the heat-treated material of the black skin hot rolled steel sheet in nitrogen as 
shown in Fig. 3(a), peaks by the oxides of Si, Mn and the like are observed in the inside of the surface layer of the iron 
matrix, from which it is understood that the metallic elements are enclosed in the inside as an oxide. They are oxides in 
the internal oxide layer and solid solution concentration as a metallic element considerably lowers. And also, it is under- 
45 stood that the metallic elements such as Si, Mn and the like in the outermost surface layer considerably decrease as 
compared with the inside of the iron matrix and the comparative material and hence the outermost surface layer is an 
iron layer largely decreasing solid solution amount of easily-oxidizable metallic element. 

[0043] Moreover, both of internal oxidation and surface oxidation may be caused as an oxidation behavior, so that 

a mechanism of decreasing Si, Mn or the like in the outermost surface layer rather than the inside is not clearly eluci- 
50 dated, but is considered due to the fact that the oxide in the outermost surface layer moves toward through the internal 

oxidation and moves into the scale or easily removed together with the scale in the pickling, and the like. 

[0044] And also, it is considered that the solid solution degree of the easily-oxidizable metallic element is lowered 

by such a mechanism to render the outermost surface layer into an iron layer having less solid solution element. 

[0045] Then, an alloyed galvanized hot rolled steel sheet is produced by pickling the thus obtained hot rolled steel 
55 sheet and subjecting to an alloying treatment by healing through healing galvanization -> salt bath by means of a 

vertical type hot dipping simulation device made by RESUKA Co., Ltd. 

[0046] In Fig. 4 are shown results measured on the state of forming bare spot in the hot dipping. Moreover, the eval- 
uation of bare spot is carried out by measuring an area of bare spot through an image processing. 
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[0047] As seen from this figure, it has been confirmed that there is no formation of bare spot when the hot rolled 
steel sheet adhered with the black skin scale is heat-treated in a substantially non-reducing atmosphere (A). 
[0048] Moreover, the chemical composition is not particularly limited as a starting steel sheet for the above hot 
rolled steel sheet. All of the conventionally known sheets such as so-called low carbon steel sheets, extremely-low car- 
s bon steel sheets, Mn-added high-strength steel sheets, Si-Mn-added high-strength steel sheets and the like are 
adapted. 

[0049] Particularly, Mn based high-strength steel sheets added with a relatively large amount of Mn for increasing 
strength and high Si-Mn based high-strength steel sheets added with Si and Mn are preferable. 
[0050] In this case, Mn is favorable to be included in an amount of not less than 0.2 mass% for increasing the 
io strength. However, when it is included in an amount exceeding 3.0 mass%, a practical high-tension material is not 
obtained, so that the Mn amount is favorable to be about 0.2-3.0 mass%. 

[0051] And also, Si does not induce the degradation of the hot-dipping property requiring the method according to 
the invention when the amount is less than 0.1 mass%, while when it exceeds 2.0 mass%, the degradation of the hot- 
dipping property can not be avoided even if the method according to the invention is adopted, so that it is favorable that 

75 Si is included within a range of 0.1 -2.0 mass%, if necessary. 

[0052] Further, Ti, Nb,B, Mo, Sb, R C, N, Cu, Ni, Cr, V, Zr and the like may properly be included, if necessary. 
[0053] Next, the invention will be described with respect to a cold rolled steel sheet as a target of the steel sheet. . 
[0054] Even in the cold rolled steel sheet, the procedure up to the completion of the hot rolling is the same as in the 
case of the hot rolled steel sheet, wherein the heat treatment of the hot rolled steel sheet is carried out in an atmosphere 

20 substantially not causing reduction while being adhered with the black skin scale to form an internal oxide layer in the 
surface layer portion of the iron matrix in the steel sheet. 

[0055] Then, the thus obtained hot rolled steel sheet is pickled, cold-rolled and subjected to recrystallization 
annealing to obtain a cold rolled steel sheet. And also, it is subjected to a hot dipping treatment and further to an alloying 
hot dipping treatment 

25 [0056] Now, an Si-Mn hot rolled steel sheet containing Si: 0.5 mass% and Mn: 1.5 mass% is subjected to a heat 
treatment under various conditions to obtain four heat-treated materials, i.e. A: heat-treated material of black skin hot 
rolled steel sheet (100 vol% N 2 , 750°C, 5 hours), B: heat-treated material of black skin hot rolled steel sheet (5 vol% 
N 2 -N 2 , 750°C, 5 hours), C: beat-treated material of black skin hot rolled steel sheet (100 vol% H 2 , 750°C, 5 hours) and 
D: heat-treated material of white skin hot rolled steel sheet (1 00 vol% N 2 , 750°C, 5 hours), which are subjected to pick- 

30 ling - cold rolling and then to an alloying treatment by heating through recrystallization annealing -> galvanization -> salt 
bath by means of a vertical type hot dipping simulation device made by RESUKA Co., Ltd. to produce alloyed galva- 
nized steel sheets. 

[0057] In Fig. 5 are shown surface enriched states of Si, Mn after the above heat treatment for hot rolled steel sheet, 
and results measured on the state of forming non-dipped portion in the hot dipping are shown in Fig. 6. 
35 [0058] The surface enriched amounts of Si, Mn are measured by analysis of polar surface through GDS (Grimm- 
Grow's spectral analysis) and evaluated as 10 second integrated intensity of Si, Mn. And also, the evaluation of bare 
spot is carried out by measuring an area of bare spot through an image processing. 

[0059] As seen from Figs. 5 and 6, the surface enrichment of Si, Mn is smallest when the black skin scale is at an 
adhered state and the heat treating atmosphere for hot rolled steel sheet is substantially non-reducing, and it has been 

40 confirmed that there is caused no formation of bare spot. 

[0060] Moreover, the enriched state of Si or Mn can be detected by measuring elementary distribution in. a depth 
direction from the surface dipped layer to the inside of the iron matrix through GDS (Grimm-Grow's spectral analysis). 
[0061] For this end, the enriched state of Si or Mn after the hot dipping treatment is examined by using GDS with 
respect to the galvanized steel sheet and the alloyed galvanized steel sheet. 

45 [0062] In Figs. 7(a), (b) are shown comparative results measured on the conventional material and the invention 
material for the galvanized Si-Mn steel sheet containing 0.5 mass% Si-1.5 mass% Mn, and comparative results of the 
steel materials measured after the alloying treatment are shown in Figs. 8(a), (b), respectively. 
[0063] In the conventional material, the hot rolled steel sheet is not subjected to the heat treatment, while in the 
invention material, the hot rolled steel sheet adhered with the black skin is subjected to the heat treatment in nitrogen 

so atmosphere at 750°C for 10 hours and pickled and cold-rolled and then subjected to a galvanizing treatment and an 
alloying treatment in a continuous hot dipping installation. 

[0064] As shown in Figs. 7 and 8, the enrichment of Mn or Si is not observed in the surface layer portion of the iron 
matrix in the conventional material, while the enrichment of Mn or Si is observed in the surface layer portion of the iron 
matrix In the invention material. 
55 [0065] This is due to the fact that surrounding Mn or Si is concentrated as an oxide, and hence solid solution con- 
centrations of metallic Mn and metallic Si in the neighborhood becomes lower. And also, such an enrichment is not cre- 
ated in an interface between the hot-dipped layer and the iron matrix, but is created in the surface layer portion of the 
iron matrix just beneath the hot-dipped layer. 
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[0066] Moreover, the interface between the iron matrix and the hot-dipped layer can be judged by 1/2 position of Zn 
intensity in the hot-dipped layer and a half position between Fe intensity of the iron matrix and Fe intensity in the hot- 
dipped layer. 

[0067] Particularly, the alloyed galvanized steel sheet is produced by a heating diffusion treatment, so that the 
5 enriched layer is diffused more toward the side of the iron matrix as compared with the galvanized steel sheet. 

[0068] And also, a region lowering the Mn concentration is observed in such Mn enriched layer toward the inside of 
the iron matrix, and a region deeper than the above region is a steady state reflecting the composition of the iron matrix. 
[0069] When elements oxidizable more easily than Fe such as Si, B, P and the like are added to steel, the enrich- 
ment of these elements is generally observed in the surface layer portion of the iron matrix. Particularly, Si and B are 
io strongly oxidized elements, so that their enrichment is easily observed in the surface layer portion of the iron matrix. 
[0070] When the enrichment of an oxide of Mn or the like is observed in the surface layer portion of the iron matrix 
as mentioned above, solid solution metallic element such as Mn or the like is exhausted in the outermost surface of the 
iron matrix and hence the hot-dipping property is improved. 

[0071] As the internal oxide layer in the surface layer portion of the iron matrix is particularly evaluated by peak 
75 intensity ratios of Mn/Fe and Si/Fe of GDS, when these values are not less than 1.01 times peak intensity ratios of 

Mn/Fe and Si/Fe in the inside of the iron matrix, the considerably excellent hot-dipping property is obtained. 

[0072] Moreover, the chemical composition is not limited even in the above cold rolled steel sheet, so that any of 

the conventionally known ones are adaptable likewise the aforementioned hot rolled steel sheets. 

[0073] Then, the Invention will be described with respect to cold rolled steel sheet particularly having an excellent 
20 workability among the above cold rolled steel sheets. 

[0074] This is fundamentally the same as in the aforementioned general cold rolled steel sheets, but in order to 

improve the workability, it is required to restrict the chemical composition to given ranges. 

[0075] Now, black skin hot rolled steel sheet and white skin hot rolled steel sheet are prepared by using 0.002 
mass% C-0.5 mass% Si-1 .5 mass% Mn-0.1 0 mass% P-0.05 mass% Ti-23 mass ppm B steel as a starting material and 
25 heat treating under conditions of 750°C and 5 hours, and then sections thereof after the heat treatment for hot rolled 
steel sheet are observed by an optical microscope. 

[0076] The results are the same as shown in Fig. 1 , wherein the formation of the internal oxide layer is observed in 
the surface layer portion of the iron matrix in case of the black skin hot rolled steel sheet, while the formation of the inter- 
nal oxide layer is not observed in case of the white skin hot rolled steel sheet. 
30 [0077] In Fig. 9 are shown results observing the state of the internal oxide layer formed in the surface layer portion 
of the iron matrix with respect to hot rolled steel sheet after the hot rolled steel sheet having the same chemical com- 
position as mentioned above is heat-treated (800°C, 10 hours) while being adhered with the black skin scale, steel 
sheet after the subsequent cold rolling and steel sheet after recrystallization annealing (880°C, 40 seconds) of the cold 
rolled steel sheet. 

35 [0078] As aeen from this figure, when the internal oxide layer is formed in the surface layer portion of the iron matrix 
by subjecting the black skin hot rolled steel sheet to the heat treatment, it uniformly remains in the surface layer portion 
of the iron matrix even after the subsequent cold rolling or further after the recrystallization annealing. 
[0079] Next, an alloyed galvanized steel sheet is produced by subjecting the aforementioned hot rolled steel sheet 
to pickling - cold rolling and then conducting an alloying treatment by heating (470°C) through recrystallization anneal- 

40 ing -> galvanization -> salt bath by means of a vertical type hot dipping simulation device made by RESUKA Co., Ltd. 
Moreover, steel used as a starting material is 0.002 mass% C-0.5 mass% Si-1.5mass% Mn-0.1 0 mass% P-0.05 
mass% Ti-23 mass ppm B steel, and the heat treating conditions of the hot rolled steel sheet are 750°C and 5 hours, 
and the recrystallization annealing conditions are 850°C, 30 seconds, dew point: -30°C and 5 vol% H 2 -N 2 atmosphere. 
[0080] In Fig. 10 are shown surface enriched states of Si, Mn after the above heat treatment for hot rolled steel 

45 sheets, and results measured on the state of forming bare spot in the hot dipping are shown in Fig. 1 1 . 

[0081] As seen from Figs. 10 and 1 1, the surface enrichment of Si, Mn is smallest when the black skin scale is at 
an adhered state and the heat treating atmosphere of the hot rolled steel sheet is substantially non-reducing, and it has 
been confirmed that there is caused no formation of bare spot. 

[0082] In Figs. 12 and 13 are shown appearance and powdering property after the alloying treatment with respect 
so to the black skin hot rolled steel sheet and the white skin hot rolled steel sheet. 

[0083] Moreover, the appearance after the alloying treatment is evaluated by O • even baking (uniform), a: uneven 
baking and X: no alloying. 

[0084] As seen from these figures, the delay of the alloying is solved in case of the black skin hot rolled steel sheet, 
and an excellent appearance is obtained as compared with the white skin hot rolled steel sheet. And also, the good 
55 powdering property is obtained even when the Fe content is about 10 wt% (good: not more than 3000 cps). 

[0085] In the cold rolled steel sheet having an excellent workability, it is required to limit the chemical composition 
to the following range. 
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C: 0.0005-0.005 mass% 

[0086] It is desirable to decrease C amount from a viewpoint of the improvement of elongation, but when it is less 
than 0.0005 mass%, the degradation of resistance to secondary working brittleness and the lowering of strength in a 
5 weld zone (heat affected zone) are caused and the decrease to less than 0.0005 mass% is inconvenient industrially and 
costly. On the other hand, when the C amount exceeds 0.005 mass%, even if equal amounts of Ti, Nb are added, the 
remarkable effect of improving the properties (particularly, ductility) is not obtained and also there is feared inconven- ' 
iences at steel-making step, hot rolling step and other production steps. Therefore, the C amount is limited to a range 
of 0.0005-0.005 mass%. 

10 

Si: not more than 1.5 mass% 

[0087] It is basically sufficient to adjust Si amount in accordance with a target level of tensile strength, but when it 
exceeds 1 .5 mass%, the hot roiled base sheet is remarkably cured to degrade the cold rolling property, and further con- 
is version treating property and hot-dipping property are degraded, and also the alloying is delayed in the alloying treat- 
ment to cause a problem that the plating adhesion property is degraded. Further, it undesirably tends to increase 
various internal defects. 

[0088] Even if the internal oxide layer is formed by subjecting the black skin hot rolled steel sheet to a heat treat- 
ment in a non-reducing atmosphere according to the invention, when the Si amount exceeds 1 .5 mass%, the degrada- 
20 tion of the conversion treating property and hot-dipping property is not avoided. 

[0089] Therefore, the upper limit of the Si amount is 1 .5 mass%. Moreover, Si is not necessarily an essential com- 
ponent, but it is favorable to be included in an amount of not less than 0.1 mass% for obtaining high r-value and high 
strength. 

25 Mn: not more than 2.5 mass% 

[0090] When Mn is added alone, mechanical properties after the cold rolling and annealing, particularly r-value are 
degraded, but when it is used together with the other components and added in an amount of not more than 2.5 mass%, 
the strength can be increased without causing remarkable degradation of the properties. And also, when the Mn 
30 amount exceeds 2.5 mass%, even if the internal oxide layer is formed according to the invention, the formation of bare 
spot in the hot dipping and the degradation of the conversion treating property can not completely be prevented. There- 
fore, the Mn amount is limited to not more than 2.5 mass%. Moreover, it is favorable to be included in an amount of at 
least 0.2 mass% for obtaining high strength. 

35 Al: not more than 0.1 mass% 

[0091] Al is effective for cleaning steel, but it is guessed that when the removal of inclusion is sufficient, even if no 
Al is substantially added, there is caused no degradation of the properties. However, when it exceeds 0.1 mass%, the 
degradation of the surface quality is caused, so that the Al amount is limited to 0.1 mass%. Moreover, it is favorable to 
40 be included in an amount at least 0.01 mass% for cleaning steel. 

P: not more than 0.1 0 mass% 

[0092] The addition of P can improve the workability while increasing the strength. This effect becomes remarkable 
45 in an amount of not less than 0.04 mass%. However, when it exceeds 0.10 mass%, segregation in the solidification 
becomes remarkable and hence the degradation of the workability is caused and further the resistance to secondary 
working brittleness is largely degraded and is not substantially durable in use. And also, the addition of large amount of 
P delays the alloying rate after the hot dipping to degrade the plating adhesion property, so that there is disadvanta- 
geous^ caused a problem of peeling the dipped layer (powdering) in the working. 
so [0093] Therefore, the upper limit of the P amount is 0.10 mass%. Moreover, P is not necessarily an essential com- 
ponent, but the excessive decrease is inconvenient costly, so that it is desirable to be included in an amount of not less 
than 0.005 mass%, preferably not less than 0.04 mass%. 

S: 0.02 mass% 

55 

[0094] The decrease of S amount is advantageous in a point that precipitates in steel are decreased to improve the 
workability and also effective Ti amount fixing C is increased. Further, it is desirable to decrease S amount as far as 
possible from a viewpoint of the alloying delay. From these points, the S amount is limited to not more than 0.02 mass%. 
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[0095] Moreover, the excessive decrease is costly inconvenient, so that the lower limit is favorable to be about 
0.005 mass%. 

N: not more than 0.005 mass% 

5 

[0096] As N amount becomes less, the improvement of the properties (particularly, ductility) can be expected, and 
the satisfactory effect is substantially obtained when it is particularly not more than 0.005 rnass%. Therefore, the N 
amount is limited to not more than 0.005 mass%. 

[0097] However, the excessive decrease is costly inconvenient, so that the lower limit is favorable to be about 
io 0.001 0 mass%. 

Ti: 0.01 0-0.1 00 mass% 

[0098] Ti is a carbonitride forming element and acts to decrease solid solution C, N in steel before finish hot rolling 
15 and cold rolling to preferentially form {111} orientation in the annealing after the finish hot rolling and the cold rolling, so 
that it is added for improving the workability (deep drawability). However, when the addition amount is less than 0.010 
mass%, the addition effect is poor, while when it exceeds 0.100 mass%, the effect is saturated and the surface quality 
is rather degraded, so that the Ti amount is limited to a range of 0.010-o!lOO mass%. 

20 Nb: 0.001-0.100 mass% 

[0099] Nb is also a carbonitride forming element and acts to decrease solid solution C, N in steel before finish hot 
rolling and cold rolling likewise Ti and make the structure before the finish hot rolling fine to preferentially form {111} ori- 
entation in the finish hot rolling and the annealing. And also, solid soluted Nb has an effect of storing strain in the finish 
25 hot rolling to promote the development of the texture. However, when the amount is less than 0.001 mass%, the above 
effect is poor, while when it exceeds 0.100 mass%, the improvement of the effect is not desired and the rise of the 
recrystallization temperature is rather caused, so that the Nb amount is limited to a range of 0.001 -0.1 00 mass%. 
[0100] Moreover, in the invention, it is sufficient to include at least either one of Ti and Nb. 

[0101 ] Although the invention is described with respect to the essentia! components, the following elements may be 
30 further included in the steel sheet. 

B: not more than 0.005 mass% 

[0102] B effectively contributes to improve the resistance to secondary working brittleness, but the effect is satu- 
35 rated when the^amount exceeds 0.005 mass% and there is rather feared the degradation of the workability in accord- 
ance with the annealing conditions. And also, the hot rolled steel sheet is considerably hardened. Therefore, the upper 
limit of the B amount is 0.005 mass%. Moreover, the lower limit is not particularly restricted and the required amount 
may be used in accordance with the degree of improving the resistance to secondary working brittleness, but it is favo- 
rable to be not less than 0.0005 mass%, preferably not less than 0.0015 mass%. 

40 

Mo: 0.01-1.5 mass% 

[0103] Mo has an action of strengthening steel without obstructing the hot-dipping property, so that it may properly 
be included in accordance with the desired strength. However, when the amount is less than 0.01 mass%, the addition 
45 effect is poor, while when it exceeds 1 .5 mass%, it tends to badly affect the workability and is unfavorable in economical 
reasons, so that Mo is included in an amount of 0.01-1.5 mass%. 

Cu: 0.1-1.5 mass% 

so [0104] Cu has an action of strengthening steel and may be included in accordance with the desired strength 
because the hot-dipping property and conversion treating property are not substantially obstructed by the addition of 
Cu. However, when the amount is less than 0.1 mass%, the addition effect is poor, while when it exceeds 1.5 mass%, 
it badly affects the workability, so that the Cu amount is limited to a range of 0.1-1 .5 mass%. 

55 Ni: 0.1-1.5 mass% 

[0105] Ni has an action of strengthening steel but also advantageously contributes to improve the surface quality of 
the steel sheet containing Cu. And also, the hot-dipping property and conversion treating property are not substantially 
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obstructed by the addition of Ni, so that it may properly be included in accordance with the desired strength. However, 
when the amount is less than 0.1 mass%, the addition effect is poor, while when it exceeds 1 .5 mass%, it badly affects 
the workability, so that the Ni amount is limited to a range of 0.1-1 .5 mass%. 

[0106] Besides,.Cr, Sb, V, REM, Zr orthe like may be included in an amount of not more than 0.1 mass% inevitably 
5 or if necessary. 

[0107] Each production method of the steel sheet, hot-dipped steel sheet and alloyed hot-dipped steel sheet 
according to the invention will be described below. 

[0108] Firstly, the invention is described with respect to the production method of the hot rolled steel sheet as well 
as the hot-clipped steel sheet and the alloyed hot-dipped steel sheet using the same as a starting material. 
w [0109] As a method of producing steel sheet, a continuous casting method is advantageously adaptable, but an 
ingot making-blooming method may be used undoubtedly. 

[0110] The hot rolling is not particularly restricted and is sufficient to be conducted by the conventionally known 
method. 

[0111] Typical hot rolling conditions are rolling reduction: 80-99%, hot rolling finish temperature: 600-950°C and 

15 coiling temperature: 300-750°C. 

[0112] The sheet thickness is usually about 1.6-6.0 mm in case of the hot rolled steel sheet, but a thin sheet of 
about 0.8 mm is adaptable with the advance of strong reduction technique in the recent hot rolling. 
[0113] In general, the thus obtained hot rolled steel sheet is supplied as a product after it is pickled to remove black 
skin scale, or subjected to a hot dipping to provide a hot-dipped hot rolled steel sheet. In the invention, however, the hot 

20 rolled steel sheet adhered with the black skin scale after the hot rolling is subjected to a heat treatment in an atmos- 
phere substantially not causing reduction to form an internal oxide layer in a surface layer portion of iron matrix in the 
steel sheet and also render an outermost surface layer of the iron matrix into an iron layer largely decreasing a solid 
solution amount of an easily-oxidizable metallic element (purified iron layer: depression layer), whereby it is attempted 
to stably improve the hot-dipping property and conversion treating property. 

25 [0114] In the invention, the iron layer decreasing the solid solution amount of easily-oxidizable metallic element 
does not mean 100% iron containing no other element, but means that the solid solution concentration of the easily- 
oxidizable metallic element such as Si, Mnor the like is considerably decreased as compared with the inside of the iron 
..matrix to increase iron concentration. 

[0115] Moreover, the metallic state and the oxide state can not be distinguished by elementary analysis, but it can 

30 be confirmed in typical cases that the iron layer decreasing the solid solution amount of the easily-oxidizable metallic 
element is existent at the side of the surface layer rather than the internal oxide through GDS as shown in Fig. 3. Since 
there is a case that it is difficult to directly confirm such an iron layer, the existence of the iron layer decreasing the solid 
solution amount of the easily-oxidizable metallic element in the surface layer can be confirmed by simply confirming the 
internal oxide layer through an observation of an optical microscope. Because, the solid solution degree of the easily- 

35 oxidizable metallic element in the outermost surface layer is decreased by the formation of the internal oxide layer. 
[0116] In orderto stably obtain the excellent hot-dipping property, it is desirable that a thickness of the internal oxide 
layer is about 5-40 u.m and an area ratio of the internal oxide layer in the surface layer is about 1 -20%. 
[0117] Moreover, the latter value can easily be judged as an area ratio of blackish portion in the no-etched sectional 
observation (1000 magnification). 

40 [0118] In the above heat treating step of the hot rolled steel sheet, the treating temperature is required to be 650- 
950°C. When the heat treating temperature exceeds 950°C, crystal grain size is coarsened to cause rough skin, while 
when the heat treating temperature lower than 650°C, the iron layer decreasing the solid solution amount of the easily- 
oxidizable metallic element can not sufficiently be formed. And also, in case of producing the cold rolled steel sheet as 
mentioned later, when the heat treating temperature of the hot rolled steel sheet exceeds 950°C, there are caused dis- 

45 advantages that the surface is roughened in the subsequent cold rolling accompanied with the coarsening of the crystal 
grain size and the strain in the cold rolling is made ununiform to bring about the lowering of r-value. 
[0119] Moreover, the heat treating time is not particularly restricted, but it is favorable to be about 4-40 hours. 
[0120] In the invention, 1 00 vol% N 2 atmosphere is best as ah atmosphere substantially not causing reduction, and 
H 2 -N 2 mixed atmosphere containing less than 5 vol% of H 2 content is advantageously adaptable. 

50 [0121] When the H 2 content is not less than 5 vol%, the formation of the internal oxide layer is considerably less 
and hence the iron layer decreasing the solid solution amount of the easily-oxidizable metallic element is hardly formed 
in the outermost surface layer, but also reduced iron containing a metal oxide is formed on the surface of the black skin 
scale, which undesirably obstruct the removal of the remaining scale at the pickling step: 

[0122] And also, an oxidizing atmosphere containing a large amount of oxygen such as air or the like is unsuitable 
55 because oxidation of the easily-oxidizable metallic element in steel or iron itself proceeds on the surface of the iron 
matrix and the formation of the internal oxide layer is considerably less and the iron layer decreasing the solid solution 
amount of the easily-oxidizable metallic element is not formed on the outermost surface layer. However, if 0 2 amount 
in 100 vol% N 2 atmosphere or H 2 -N 2 mixed atmosphere containing less than 5 vol% of H 2 amount is not more than 1 
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vol%, the oxidation of iron is small to a level causing no problem and the internal oxide layer is formed to decrease the 
solid solution degree of the easily-oxidizable metallic element in the outermost surface layer, so that oxygen may be 
included up to the above value. The complete elimination of 0 2 is large in the economical disadvantage. 
[0123] Then, it is subjected to pickling. 

5 [0124] The pickling condition is not particularly restricted. The pickling may be carried out with hydrochloric acid or 
sulfuric acid according to usual manner by adding a pickling accelerator or a pickling inhibitor, if necessary, but it is 
desirable to conduct no extreme pickling excessively removing the iron matrix of not less than several u,m. 
[0125] In case of the subsequent hot dipping, the heating is carried out to reduce oxide covering the surface (invis- 
ible oxide) or promote the activation of the surface. The beating condition is not particularly restricted. The heating may 

10 be carried out according to usual manner in, for example, an atmosphere of H 2 : 2-20 vol% and the remainder: N 2 under 
conditions of dew point: -50°C-+10°C, temperature: 500-950°C and time: about 10 seconds-10 minutes. 
[0126] By conducting such a heating are swept off Fe oxide on the surface of the iron matrix, oxide of P or the like 
and composite oxide with iron from the surface, whereby the excellent hot-dipping property and alloying property are 
obtained. 

is [0127] And also, even when radiation type heating of radiant tube or the like is used in the heating before the hot 
dipping, the outermost surface layer is rendered into the iron layer decreasing the solid solution amount of the easily- 
oxidizable metallic element, so that the invention has a merit capable of ensuring the excellent hot-dipping property and 
alloying property. 

[0128] Furthermore, according to the invention, skin-pass roiling of not more than 10% can be applied to a steel 
20 sheet after the hot dipping treatment as mentioned later for shape correction and adjustment of surface roughness or 
the like. 

[0129] The hot dipping applied to the thus obtained hot rolled steel sheet may be conducted by the conventionally 
known method. 

[0130] For example, in case of a galvanizing treatment, the heated steel sheet is immersed in a galvanizing bath at 
25 a bath temperature of about 460-490°C to conduct the hot dipping. In this case, a sheet temperature in the immersion 
into the bath is. preferable to be about 460-500°C. And also, in case of the galvanization or alloyed galvanization, Al 
amount in the galvanizing bath is favorable to be about 0.13-0.5 mass%. 

[0131] The hot rolled steel sheet immersed in the galvanizing bath is pulled out from the bath and then a coating 
weight thereof is adjusted by a gas wiping treatment or the like to obtain a galvanized hot rolled steel sheet. 
30 [0132] Further, such a galvanized hot rolled steel sheet can be rendered into an alloyed galvanized hot roiled steel 
sheet by subjecting to subsequent alloying treatment by heating. 

[0133] In this case, the alloying conditions by heating are favorable to be 460-520°C and about 0.1-1.0 minute. 
[0134] Moreover, as the other hot dipping treatment, there are hot dip aluminizing, zinc-aluminum hot dipping, zinc- 
magnesium-aluminum hot dipping and the like. These hot dipping treatments may be carried out according to the con- 
35 ventionally known method. And also, there is a case that a small amount of Pb, Sb, Bi, REM, Ti or the like may be added 
to the dipping bath. 

[0135] Further, the coating weight by the hot dipping is favorable to be about 20-1 00 g/m 2 per one-side surface in 
an automobile application. On the other hand, it is favorable to be about 100-400 g/m 2 in applications of building mate- 
rials and earth-moving. 

40 [0136] Next, the invention is described with respect to the production method of the cold rolled steel sheet as well 
as the hot-dipped steel sheet and the alloyed hot-dipped steel sheet using the same as a starting material. 
[0137] The production steps up to the hot rolled steel sheet and the heat treating conditions for hot rolled steel 
sheet are the same as in the above hot rolled steel sheet. 

[0138] In case of the cold rolled steel sheet, the hot rolled steel sheet after the heat treatment is subjected to pick- 
45 ling and cold rolling. 

[0139] The cold rolling condition is not particularly restricted and is sufficient according to the usual manner, but the 
rolling reduction is favorable to be about 50-95% in order to advantageously develop {111} texture. 
[0140] Thereafter, it is subjected to a recrystallization annealing. The recrystallization annealing condition is not 
particularly restricted, but is favorable to be 600-950°C and about 0.5-1 0 minutes according to the usual manner. 
so [0141] Then, it is subjected to a hot dipping treatment, further an alloying hot dipping treatment or further skin-pass 
rolling. These treatments are sufficient to be carried out under the same conditions as in the above hot rolled steel 
sheet. 

[0142] Next, the invention is described with respect to the production method of the cold rolled steel sheet having 
an excellent workability as well as the hot-dipped steel sheet and the alloyed hot-dipped steel sheet using the same as 
55 a starting material. 

[0143] This case is fundamentally common as the cases of the hot rolled steel sheet and usual cold rolled steel 

sheet, but it is required to strictly control the production conditions in order to ensure the properties. 

[0144] That is, in order to increase average of r-value in the cold roiled steel sheet, it is favorable to develop {111} 
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orientation in the texture after the hot rolling and annealing. For this purpose, it is necessary that the texture is made 
fine and uniform in the hot rolling and before the finish rolling and subsequently a large amount of strain is uniformly 
stored on the steel sheet in the finish rolling to preferentially form {111} orientation in the annealing. 
[01 45] In order to make the texture before the hot finish rolling fine and uniform, it is favorable to finish the hot rough 

5 rolling just on Ar 3 transformation point to form y^a transformation before the finish rolling. Therefore, the finish temper- 
ature of the hot rough rolling is required to be not lower than Ar 3 transformation point. However, when the finish temper- 
ature of the rough rolling exceeds 950°C, recovery or grain growth is caused in the course of cooling up to Ar 3 
transformation point producing y-»a transformation to make the texture before the finish rolling coarse and ununiform. 
Therefore, the finish temperature of the rough rolling is limited to a range of not lower than Ar 3 transformation point but 

io not higher than 950°C. 

[0146] Moreover, the rolling reduction in the hot rough rolling is desirable to be not less than 50% for fining the tex- 
ture. 

[0147] In order to store a large amount of strain in the hot finish rolling, it is desirable that the finish rolling is carried 
out at a temperature of not higher than Ar 3 transformation point and a rolling reduction of not less than 80%. Because, 
75 when the finish rolling is carried out at a temperature of higher than Ar 3 transformation point, y->a transformation is 
caused in the hot rolling to release strain or make the rolled texture random and hence {1 1 1} orientation is not prefer- 
entially formed in the subsequent annealing. 

[0148] And also, the finish rolling temperature of not higher than 500°C is not actual because the rolling load con- 
siderably increases. 

20 [0149] Further, when the total rolling reduction is less than 80%, the texture of {1 1 1} orientation is not developed 
after the hot rolling and annealing. 

[0150] Therefore, the hot finish rolling is carried out under conditions of rolling finish temperature: not lower than 
500°C but not higher than Ar 3 transformation point and rolling reduction: not less than 80%. 

[0151] Furthermore, in order to uniformly store a large amount of strain in the finish rolling, the finish rolling is 
25 required to be lubrication rolling. Because, when the lubrication rolling is not used, additional shearing force is applied 
to the surface layer portion of the steel sheet by friction force between the roll and the surface of the steel sheet to 
develop texture not being {111} orientation after the hot rolling and annealing and hence the average of r-value of the 
cold rolled steel sheet tends to lower. 

[01 52] Then, the thus obtained hot rolled steel sheet is subjected to a heat treatment for hot rolled steel sheet. Such 
30 a heat treatment is sufficient to be carried out at a temperature range of 650-950°C in an atmosphere substantially not 
causing reduction while being adhered with a black skin scale likewise the cases of the hot rolled steel sheet and the 
usual cold rolled steel sheet. 

[0153] Next, it is subjected to a cold rolling after the black skin scale is removed by pickling. 

[0154] This cold rolling is to develop the texture to obtain a high average r-value aiming at the invention, and in this 
35 case the cold rolling reduction is inevitable to be 50-95%. Because, when the cold rolling reduction is less than 50% or 
exceeds 95%, good properties are not obtained. 

[0155] The cold rolled steel sheet after the above cold rolling is required to be subjected to a recrystallization 
annealing. As the recrystallization annealing, either box annealing or continuous annealing may be used, but the heat- 
ing temperature is required to be a range of not lower than recrystallization temperature (about 600°C) but not higher 
40 than 950°C. 

[0156] Then, it is subjected to a hot dipping treatment, further an alloying hot dipping treatment or further skin-pass 
rolling. These treatments are sufficient to be carried out under the same conditions as in the above cases of the hot 
rolled steel sheet and the usual cold rolled steel sheet. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0157] 

Fig. 1 is an optical micro photograph of a texture showing a section after heat treatment of white skin hot rolled steel 
so sheet (Fig. 1 (a)) and black skin hot rolled steel sheets (Figs. 1(b), (c)); 

Fig. 2 is a view illustrating an influence of an atmosphere in the heat treatment of the black skin hot rolled steel 
sheet upon the formation of internal oxide layer; 

Fig. 3 is a comparative graph showing element distribution in a depth direction after the pickling with respect to (a) 
black skin hot rolled steel sheet subjected to a heat treatment and (b) black skin hot rolled steel sheet not subjected 
55 to a heat treatment; 

Fig. 4 is a view showing a state of making bare spot in hot dipping; 

Fig. 5 is a view showing a state of surface enrichment of Si, Mn after the heat treatment of the hot rolled steel sheet; 
Fig. 6 is a view showing a state of making bare spot in hot dipping; 
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Fig. 7 is a comparative graph showing element distribution in a depth direction measured through GDS with respect 
to the conventional galvanized steel sheet (Fig. 7(a)) and the galvanized steel sheet according to the invention (Fig. 
7(b)); 

Fig. 8 is a comparative graph showing element distribution in a depth direction measured through GDS with respect 
to the conventional alloyed galvanized steel sheet (Fig. 8(a)) and the alloyed galvanized steel sheet according to 
the invention (Fig. 8(b)); 

Fig. 9 is an optical microphotograph of a texture comparatively showing a state of an internal oxide layer after the 
heat treatment (Fig. 9(a)) and a state of an internal oxide layer after subsequent cold rolling - recrystallization 
annealing (Fig. 9(b)); 

Fig. 10 is a view showing a state of surface enrichment of Si, Mn after the heat treatment of the hot rolled steel 
sheet; 

Fig. 1 1 is a view showing a state of making bare spot in hot dipping; 

Fig. 1 2 is a comparative view showing an appearance after the alloying of black skin hot rolled steel sheet and white 
skin hot rolled steel sheet; and 

Fig. 13 is a comparative view showing a powdering property after the alloying of. black skin hot rolled steel sheet 
and white skin hot rolled steel sheet. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Example 1 

[0158] A steel slab adjusted to a chemical composition shown in Table 1 is heated to 1 100-1250°C and then hot 
rolled to obtain a hot rolled steel sheet of 2.0 mm in thickness, which is subjected to a heat treatment for hot rolled steel 
sheet under conditions shown in Tables 2 and 3 and further to pickling. 

[0159] The thus obtained hot rolled steel sheet is subjected to a heating treatment of 700°C and 1 minute and fur- 
ther to a galvanizing treatment under conditions of 

• bath temperature: 470°C 

• sheet entry temperature: 470°C 
A1 content: 0.14 wt% 

• coating weight: 60 g/m 2 (one-side surface) 

• dipping time: 1 second 

to produce a galvanized hot rolled steel sheet. And also, a part of the sheet is subjected to an alloying treatment to 
obtain an alloyed galvanized hot rolled steel sheet. 

[0160] Further, a part of the sheet after the above heating treatment is subjected to a hot dip aluminizing and zinc- 
aluminum hot dipping. 

[0161] And also, a part of the hot rolled steel sheet is subjected to a conversion treatment. 

[0162] For the comparison, a hot rolled steel sheet, a hot-dipped hot rolled steel sheet and an alloyed hot-dipped 
hot roiled steel sheet are produced according to the conventional method. 

[0163] The conversion treating property with respect to the thus obtained hot rolled steel sheets, hot-dipping prop- 
erty and plating adhesion property with respect to various hot-dipped hot rolled steel sheets, and alloying rate and 
alloyed unevenness with respect to the alloyed galvanized hot rolled steel sheets are measured to obtain results as 
shown in Tables 4 and 5. 

[0164] The evaluation method of each property is as follows. 
(Conversion treating property) 

[0165] The steel sheet is subjected to a chemical conversion treatment of degreasing -> washing with water -» sur- 
face adjustment -> chemical conversion shown in Table 6 to form a zinc phosphate film, which is evaluated according 
to the following standard. 

O ' The zinc phosphate film is uniformly formed over a full surface. 
X : A portion not forming the zinc phosphate film is partly caused. 

(Hot-dipping property) 

[0166] An appearance after the hot dipping is subjected to an image processing to measure a non-dipped area 
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ratio, which is evaluated according to the following standard. 

5: 0% of bare spot area ratio 

4: not more than 0.1% of bare spot area ratio 

5 3: more than 0.1 % but not more than 0.3% of bare spot area ratio 

2: more than 0.3% but not more than 0.5% of bare spot area ratio 

1 : more than 0.5% of bare spot area ratio 

(Plating adhesion property) 

10 

[0167] A plating adhesion property is evaluated by a DuPont impact test (a weight having a diameter of 6.35 mm 
and a weight of 1 kg is dropped downward onto the steel sheet from a height of 500 mm). The judging standard is as 
follows. 

15 0 : no peeling of dipped film 
X : peeling of dipped film 

{Alloying rate) 

20 [0168] 

♦ Alloying conditions 

temperature rising rate: 20°C/s 
25 temperature dropping rate: 15°C/s 

alloying temperature: 490°C 
alloying time: 20 seconds 

[0169] The alloying rate is evaluated whether or not zinc i^phase remains on the surface of the alloyed material 
30 treated under the above conditions. 

O* absence of zinc T| -phase 
X : presence of zinc T|-phase 

35 (Alloyed un evenness) 

[0170] The hot-dipped sheet of 1 00 x 200 mm is alloyed in a salt bath at 490°C for 30 seconds and then the dipped 
appearance after the alloying is observed to evaluate the presence or absence of the alloyed unevenness. 

40 O : absence of uneven baking (even) 
X: presence of uneven baking 
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Table 2 





No. 


Steel symbol 


Presence or 


Annealing atmos- 


Annealing conditions 


Remarks 


5 






absence of black 
skin cpalp 


phere of hot rolled 


of hot rolled steel 
sheet 
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picocl IOC 




740 O, 12h 


Acceptable Example 
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Comparative Exam- 
ple 
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Table 3 



No. 


wicci o y i i iuui 


1 ricociiLrC \Jt 

absence of black 
skin scale 


Annealing atmos- 
phere of hot rolled 
steel sheet 


Annealing conditions 
of hot rolled steel 
sheet 


Remarks 


21 


A 


presence 


2%H 2 -N 2 


740°C, 12h 


Acceptable Example 


22 


n 


ii 


100%N 2 


750°C, 15h 


ii 


23 


•I 




99.95%N 2 -500ppmO 2 


800°C, 12h 


•i 


24 


■I 


" 


100%N 2 


950°C, 6h 


ti 


25 
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n 


ii 


650°C, 12h 




26 
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2%H 2 - N 2 


700°C, 20h 




27 
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ii 


100%N 2 


750°C, 1 0h 


■I 


28 
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ii 


■I 


850°C, 6h 
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II 
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■i 


910°C, 8h 


•i 
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II 


ii 




700°C, 35h 
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» 




700°C, 7h 


■I 
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■ 1 
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*1 
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900°C, 7h 


» *2 
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•i 


700°C, 1 5h 
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35 
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750°C, 1 0h 


n *3 = 


36 
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n 




700°C, 5h 


•i *3 ' 


37 


H 


ii 


■i 


750°C, 1 5h 


n 


38 


1 


•i 


•i 


950°C, 7h 




39 


J 


■• 


2%H 2 - N 2 


750°C, 1 5h 


ii 


40 


J,- 




100%N 2 


800°C, 13h 


•i 



*1 hot dip aluminizing coating weight: 50 g/m 2 

*2 zinc-aluminum hot dipping (Al: 55 mass%) coating weight: 75 g/m 2 
*3 zinc-aluminum hot dipping (Al: 5 mass%) coating weight: 60 g/m 2 



Table 4 



No. 


Conversion 
treating prop- 
erty 


Hot-dipping properties 


Alloyed hot-dipping properties 


Remarks 






Hot-dipping 
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Plating adhe- 
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Alloying rate 


Alloyed appear- 
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Table 4 (continued) 



20 
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Table 5 


No. 


Conversion 
treating prop- 
erty 


Hot-dipping properties 


Alloyed hot-dipping properties 


Remarks 






Hot-dipping 
property 


Plating adhe- 
sion property 


Alloying rate 
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ance 




21 


o 


4 


o 


o 


o 


Acceptable 
Example 


22 


n 


5 


ii 


•i 


ii 


» 


23 


N 




N 


u 


n 




24 


n 


u 


11 


n 


n 


n 


25 


N 


u 


n 


•i 


ii 


ii 



18 



BNSDOCID: <EP 1076105A1J_> 



EP1 076 105 A1 

Table 5 (continued) 
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Table 6 





Treating liquid 


Treating temperature 


Treating time 


Degreasing 


made by Nippon Perker Co., Ltd. 
(FC-L4460) 


40~45°C 


spraying for 1 20 seconds 


Washing with water 




R. T. 


30 seconds 


Surface adjustment 


made by Nippon Perker Co., Ltd. 
(PN-Z) 


R.T 


immersion for 15 seconds 


Chemical conversion 


made by Nippon Perker Co., Ltd. 
(PB-L3020) 


40~43°C 


immersion for 120 seconds 



[0171] As seen from Tables 4 and 5, all of the hot rolled steel sheets obtained according to the invention show 
so excellent conversion treating property, hot-dipping property and alloyed hot-dipping property as compared with the hot 
rolled steel sheets obtained by the conventional method because the outermost surface layer is an iron layer decreasing 
a solid solution amount of an easily-oxidizable metallic element. 

Example 2 

55 

[0172] A steel slab adjusted to a chemical composition shown in Table 7 is heated to 1200-1250°C and then hot' 
rolled to obtain a hot rolled steel sheet of 3.5 mm in thickness, which is subjected to a heat treatment for hot rolled steel 
sheet under conditions shown in Tables 8 and 9 and pickled and cold-rolled to obtain a cold rolled steel sheet. 
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[0173] The thus obtained cold rolled steel sheet is subjected to a recrystallization annealing of 830°C and 1 minute 
and further to a galvanizing treatment under conditions of 

• bath temperature: 470°C 

• sheet entry temperature: 470°C 

• Al content: 0.14 mass% 

• coating weight: 60 g/m 2 (one-side surface) 

• dipping time: 1 second 

to produce a galvanized steel sheet. And also, a part of the sheet is subjected to an alloying treatment to obtain an 
alloyed galvanized steel sheet. 

[0174] Further, a part of the sheet after the above recrystallization annealing is subjected to a hot dip aluminizing 
and zinc-aluminum hot dipping. ; 
[0175] And also, a part of the cold rolled steel sheet is subjected to a conversion treatment to evaluate the conver- 
sion treating property. 

[0176] For the comparison, a cold rolled steel sheet, a hot-dipped steel sheet and an alloyed hot-dipped steel sheet 
are produced according to the conventional method. 

[0177] The conversion treating property with respect to the thus obtained cold rolled steel sheets, hot-dipping prop- 
erty and plating adhesion property with respect to various hot-dipped steel sheets, and alloying rate and alloyed une- 
venness with respect to the alloyed galvanized hot rolled steel sheets, enriched state of Mn or Si in the surface layer 
portion of the iron matrix and ratios of Mn/Fe, Si/Fe in the surface layer portion of the iron matrix to Mn/Fe, Si/Fe in the 
inside of the iron matrix are measured to obtain results as shown in Tables 1 0 and 1 1 . 

[0178] Moreover, the evaluations of the conversion treating property, hot-dipping property, plating adhesion prop- 
erty, alloying rate and alloyed unevenness are the same as in Example 1, and an enriched profile of Mn, Si in the sur- 
face layer portion is evaluated as follows. 

(Enriched profile of Mn, Si in surface layer portion of iron matrix) 

[0179] The enriched state of Si or Mn is detected by measuring element distribution in a depth direction from the 
surface of the dipped layer to the inside of the iron matrix through GDS. 
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Table 8 





No. 


Steel symbol 


Presence or 


Annealing atmos- 


Annealing conditions 


Remarks 
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phere of hot rolled 
steel sheet 


of hot rolled steel 
sheet 






I 


A 

A 


presence 


1 00%N 2 


750°C, 10h 


Acceptable Example 


10 


o 
£. 


D 
D 


■I 








r> 
O 




n 










A 


pv 

U 












3 


_ 


it 








15 


6 


F 


•i 


m 


ii 


- 




7 


G 


ii 


H 


•i 


- 




8 


H 


ii 


n 




- 




9 


I 


ii 


n 


ii 


■ 


20 


10 


J 






n 


- 




11 


A 


presence 


1 00%N 2 


980°C, lOh 


Comparative Exam- 
ple 


25 


1 <£ 


D 

D 






600°C, 10h 






1 o 


c 




1 00%H 2 


750°C, 10h 






1 4 


D 




5%H 2 -N 2 








15 


E 


ii 


none 


none 




30 


16 


F 


absence 


100%H 2 


750°C, lOh 






17 


G 


absence 


none 


none 






18 


H 


•i 


•I 


u 




35 


19 


I 


ii 


n 


•i 






20 


J 


n 


• ii 


n 





40 



45 



50 



55 



22 

3NSDCCID: <EP 1076105A1_I_> 



EP1 076 105 A1 



Table 9 



No 


oieei symDoi 


Presence or 
absence of black 
skin scale 


Annealing atmos- 
phere of hot rolled 
steel sheet 


Annealing conditions 
of hot rolled steel 
sheet 


Remarks 


21 
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750°C, 10h 


Acceptable Example 
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*1 hot dip aluminizing coating weight: 50 g/m 2 

*2 zinc-aluminum hot dipping (Al: 55 mass%) coating weight: 75 g/nY 
*3 zinc -aluminum hot dipping (Al: 5 mass%) coating weight 60 g/m 2 
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[0180] As seen from Tables 10 and 1 1 , all of the steel sheets obtained according to the invention have a sufficient 
amount of an internal oxide layer and show the excellent conversion treating property, hot-dipping property and alloyed 
hot-dipping property as compared with the steel sheets obtained by the conventional method. 
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Example 3 



[0181] A steel slab having a chemical composition as shown in Table 12 is treated under conditions shown in Tables 
13 and 14 to obtain a cold rolled and annealed steel sheet of 0.7 mm in thickness, 
s [0182] With respect to thus obtained cold rolled and annealed steel sheets, mechanical properties (tensile strength, 
elongation, r-value, brittle property), state of internal oxide layer, conversion treating property, hot-dipping property and 
plating adhesion property in galvanization, and alloying rate and alloyed appearance in alloyed galvanization are meas- 
ured to obtain results as shown in Tables 15 and 16. 

[0183] Moreover, a part of the steel sheet after the recrystallization annealing is subjected to hot dip aluminizing 
w and zinc-alurninum hot dipping treatments, and thereafter the hot-dipping property and plating adhesion property are 
measured. 

[0184] The evaluation method of mechanical properties is carried out as follows. 

{Mechanical properties) 

15 

[0185] The tensile strength is evaluated by using a tensile testing specimen of JIS No. 5. 

[0186] And also, r-value is measured by a three-point method after the application of 15% tensile pre -strain, and an 
average value of L-direction (rolling direction), D-direction (direction of 45° from rolling direction) and C-direction (direc- 
tion of 90° from rolling direction) is calculated from the following equation: 

20 

r=(r L + 2r D + r c )/4 

[0187] Further, the resistance to secondary working brittleness is evaluated by flange-cutting a conical cup drawn 
at a drawing ratio of 2.0 and applying an impact load thereto while dropping downward a weight of 5 kg from a height 
25 of 80 cm at various temperatures to measure an upper limit temperature causing brittle crack. The temperature of not 
higher than about -45°C can be judged as a level causing no problem under usual service environment. 
[0188] Moreover, the evaluation methods of the other properties are the same as in Example 1 . 
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[01 89] As seen from Tables 1 5 and 1 6, all of the steel sheets according to the invention are excellent in the mechan- 
ical properties but also have a sufficient amount of internal oxide layer in the surface layer portion of the iron matrix, and 
hence the excellent conversion treating property, hot-dipping property and alloyed hot-dipping property are obtained. 
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INDUSTRIAL APPLICABILITY 

[0190] Thus, according to the invention, the hot rolled steel sheet after the hot rolling is subjected to a heat treat- 
ment in an atmosphere substantially not causing reduction while being adhered with a black skin scale, whereby an 
internal oxide layer is formed in the surface layer portion of the iron matrix in the steel sheet and an outermost surface 
layer of the iron matrix can be rendered into an iron layer decreasing a solid solution amount of an easily-oxidizable 
metallic element and hence the conversion treating property and hot-dipping property can considerably be improved. 

Claims 

1. A hot rolled steel sheet characterized by hot rolling a base steel to be a hot rolled steel sheet and subjecting the 
hot rolled steel sheet to a heat treatment at a temperature range of 650-950°C in an atmosphere substantially not 
causing reduction while being adhered with a black skin scale to form an internal oxide layer in a surface layer por- 
tion of an iron matrix of the steel sheet and then pickling it. 

2. A hot-clipped steel sheet characterized by providing a hot-dipped layer on the surface of the hot rolled steel sheet 
as claimed in claim 1. 

3. An alloyed hot-dipped steel sheet characterized by providing an alloyed hot-dipped layer on the surface of the hot 
rolled steel sheet as claimed in claim 1 . 

4. A method of producing a hot rolled steel sheet by hot rolling a base steel and then subjecting to a pickling, charac- 
terized in that the steel sheet after the hot rolling is subjected to a heat treatment at a temperature range of 650- 
950°C in an atmosphere substantially not causing reduction while being adhered with a black skin scale to form an 
internal oxide layer in a surface layer portion of an iron matrix of the steel sheet. 

5. A method of producing a hot-dipped steel sheet, characterized in that the surface of the hot rolled steel sheet as 
claimed in claim 4 is subjected to a hot dipping. 

6. A method of producing an alloyed hot-dipped steel sheet, characterized in that the surface of the hot rolled steel 
sheet as claimed in claim 4 is subjected to a hot dipping and further to an alloying treatment by heating. 

7. A cold rolled steel sheet characterized by hot rolling a base steel to be a hot rolled steel sheet and subjecting the 
hot rolled steel sheet to a heat treatment at a temperature range of 650-950°C in an atmosphere substantially not 
causing reduction while being adhered with a black skin scale to form an internal oxide layer in a surface layer por- 
tion of an iron matrix of the steel sheet and then subjecting to a pickling, a cold rolling and a recrystallization anneal- 
ing. 



8. A hot-dipped steel sheet characterized by providing a hot-dipped layer on the surface of the cold rolled steel sheet 
as claimed in claim 7. 



9. An alloyed hot-dipped steel sheet characterized by providing an alloyed hot-dipped layer on the surface of the cold 
rolled steel sheet as claimed in claim 7. 

10. A method of producing a cold rolled steel sheet by hot rolling a base steel to be a hot rolled steel sheet and sub- 
jecting the hot rolled steel sheet to a pickling, a cold rolling and a recrystallization annealing, characterized in that 
the steel sheet after the hot rolling is subjected to a heat treatment at a temperature range of 650-950°C in an 
atmosphere substantially not causing reduction while being adhered with a black skin scale to form an internal 
oxide layer in a surface layer portion of an iron matrix of the steel sheet. 

11. A method of producing a hot-dipped steel sheet, characterized in that the surface of the cold rolled steel sheet as 
claimed in claim 10 is subjected to a hot dipping. 

12. A method of producing an alloyed hot-dipped steel sheet, characterized in that the surface of the cold rolled steel 
sheet as claimed in claim 1 0 is subjected to a hot dipping and further to an alloying treatment by heating. 

13. A hot-dipped steel sheet according to claim 2 or 8, wherein it is a high-strength steel sheet having a composition of 
Mn: 0.2-3.0 mass% or Mn: 0.2-3.0 mass% and Si: 0.1-2.0 mass% and provided on its surface with a hot-dipped 
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layer, and a surface layer portion of an iron matrix just beneath the hot-dipped layer has an enriched layer of Mn or 
an enriched layer of Mn and Si. 



14. A hot-dipped steel sheet according to claim 13, wherein it has such a profile that Mn concentration or Mn and Si 
5 concentrations from the surface in a thickness direction rapidly rises over the hot-dipped layer and lowers at once 

and thereafter somewhat rises to render into a steady state. 

15. A hot-dipped steel sheet according to claim 13, wherein Mn/Fe ratio or Mn/Fe ratio and Si/Fe ratio in the surface 
layer portion of the iron matrix just beneath the hot-dipped layer is not less than 1 .01 times each of Mn/Fe ratio or 

10 Mn/Fe ratio and Si/Fe ratio in the inside of the iron matrix. 

16. An alloyed hot-dipped steel sheet according to claim 3 or 9, wherein it is a high-strength steel sheet having a com- 
position of Mn: 0.2-3.0 mass% or Mn: 0.2-3.0 mass% and Si: 0.1-2.0 mass% and provided on its surface with an 
alloyed hot-dipped layer, and a surface layer portion of an iron matrix just beneath the alloyed hot-dipped layer has 

15 an enriched layer of Mn or an enriched layer of Mn and Si. 

17. An alloyed hot-dipped steel sheet according to claim 16, wherein it has such a profile that Mn concentration or Mn 
and Si concentrations from the surface in a thickness direction rapidly rises over the hot-dipped layer and lowers at 
once and thereafter somewhat rises to render into a steady state. 

20 

18. An alloyed hot-dipped steel sheet according to claim 16, wherein Mn/Fe ratio or Mn/Fe ratio and Si/Fe ratio in the 
surface layer portion of the iron matrix just beneath the hot-dipped layer is not less than 1 .01 times each of Mn/Fe 
ratio or Mn/Fe ratio and Si/Fe ratio in the inside of the iron matrix. 



25 19. A cold rolled steel sheet having an excellent workability, characterized in that the sheet has a composition compris- 
ing C: 0.0005-0.005 mass%, Si: not more than 1.5 mass%, Mn: not more than 2.5 mass%, Al: not more than 0.1 
mass%, P: not more than 0.1 0 mass%, S: not more than 0.02 mass%, N: not more than 0.005 mass% and one or 
more of Ti: 0.010-0.100 mass% and Nb: 0.001-0.1 00 mass% and the remainder being Fe and inevitable impurities, 
and a Lankford value (r-value) of not less than 2 and is provided on a surface layer portion of its iron matrix with an 

30 internal oxide layer. 

20. A hot-dipped steel sheet having an excellent workability, characterized by providing a hot-dipped layer on the sur- 
face of the cold rolled steel sheet as claimed in claim 1 9. 

35 21 . An alloyed tiot-dipped steel sheet having an excellent workability, characterized by providing an alloyed hot-dipped 
layer on the surface of the cold rolled steel sheet as claimed in claim 19. 

22. A method of producing a cold rolled steel sheet having an excellent workability, characterized in that a steel com- 
prising C: 0.0005-0.005 mass%, Si: not more than 1.5 mass%, Mn: not more than 2.5 mass%, Al: not more than 

40 0.1 mass%, P: not more than 0.1 0 mass%, S: not more than 0.02 mass%, N: not more than 0.005 mass% and one 

or more of Ti: 0.010-0.100 mass% and Nb: 0.001-0.100 mass% and the remainder being Fe and inevitable impuri- 
ties is subjected to a rough hot rolling under a condition of finish rolling temperature: not lower than Ar 3 transforma- 
tion point but not higher than 950°C and to a hot finish rolling through lubrication rolling under conditions of finish 
rolling temperature: not lower than 500°C but not higher than Ar 3 transformation point and rolling reduction: not less 

45 than 80%, and then a steel sheet after the hot finish rolling is subjected to a heat treatment at a temperature range 

of 650-950°C in an atmosphere substantially not causing reduction while being adhered with a black skin scale to 
form an internal oxide layer in a surface layer portion of an iron matrix of the steel sheet, pickled to remove the black 
skin scale, and subjected to a cold rolling at a rolling reduction: 50-90% and further to a recrystallization annealing 
at a temperature of not lower than a recrystallization temperature but not higher than 950°C. 

50 

23. A method of producing a hot-dipped steel sheet having an excellent workability, characterized by subjecting the sur- 
face of the cold rolled steel sheet as claimed in claim 22 to a hot dipping. 

24. A method of producing an alloyed hot-dipped steel sheet having an excellent workability, characterized by subject- 
55 ing the surface of the cold rolled steel sheet as claimed in claim 22 to a hot dipping and further to an alloying treat- 
ment by heating. 
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Black skin hot rolled steel sheet; Atmosphere 100vol%N 2 
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Black skin hot rolled steel sheet; Atmosphere 5vol%H 2 -N 2 
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FIG. 4 



T 1 '—[ 



A B C D 



A. Heat-treated material of black 

skin hot rolled steel sheet(100vol%N 2 ) 
B m Heat-treated material of black 

skin hot rolled steel sheet (5vol%H2~N2) 
C. Heat-treated material of black 

skin hot ro I led steel sheet(100vol%H2) 
D m Heat-treated material of white 

skin hot rolled steel sheet 
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FIG. 5 




A B C D 



A. Heat-treated material of black 

skin hot rolled steel sheet(100vol%N 2 ) 

B. Heat-treated material of black 

skin hot rolled steel sheet(5vol%Hz-N2) 
C m Heat-treated material of black 

skin hot rolled steel sheet(100vol%H 2 ) 
D m Heat-treated material of white 

skin hot rolled steel sheet 
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FIG. 6 
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A B C D 



A. Heat-treated material of black 

skin hot rolled steel sheet (100 vo l%H 2 ) 

B. Heat-treated material of black 

skin hot rolled steel sheet (5vo 1X^2^2) 

C. Heat-treated material of black 

skin hot rolled steel sheet(1Q0vol%H2) 
D m Heat-treated material of white 
skin hot rolled steel sheet 
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FIG. 7a 
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FIG. 9a 




After heat treatment of black skin hot 
rolled steel sheet (800X2 XlOHr) 

FIG. 9b 



After cold roll ing 



FIG. 9c 




After cold rolling and annealing (880X)X40s) 

WjLtm 
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FIG. 10 
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A B C D 



A. Heat-treated material of black 

skin hot rolled steel sheet(100vol%N 2 ) 
B m Heat-treated mater ial of black 

skin hot rolled steel sheet (5vol%H2~N 2 ) 
C m Heat-treated material of black 

skin hot rolled steel sheet(100vol%H2) 
D. Heat-treated material of white 

skin hot rolled steel sheet 
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FIG. 11 



2,5 




A. Heat-treated material of black 

skin hot rolled steel sheet(IOOvol%H 2 ) 

B m Heat-treated material of black 

skin hot ro I led steel sheet(5vQl%H 2 -N 2 ) 

C. Heat-treated material of black 

skin hot rolled steel sheet(100vol%H 2 ) 

D. Heat-treated material of white 
skin hot rolled steel sheet 
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FIG. 12 
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